Objectives: Stage I non-small cell lung cancer traditionally is treated with lobectomy. Sublobar resection and stereotactic body radiation therapy provide alternative treatments for higher-risk groups. The purpose of this study was to determine the national treatment trends for stage I lung cancer.
Perspective
The results of this study demonstrate that the rate of surgery, particularly lobectomy, has decreased from 1998 to 2012, whereas the rates of SLR and stereotactic body radiation have increased and offset the decrease in lobectomy. Untreated patients encompass 7% of the cohort and have remained unchanged over the 15-year study period.
See Editorial Commentary page 1088.
See Editorial page 1072.
The gold standard for treatment of stage I non-small cell lung cancer (NSCLC) is lobectomy and systematic mediastinal lymph node dissection (MLND). 1 Reported rates of survival after surgical resection for stage I NSCLC vary from 60% to 80% in the literature. [1] [2] [3] Unfortunately, up to 25% of these ''resectable'' patients are not offered Surgery, University of Virginia, Charlottesville, Va; Departments of lobectomy because of medical comorbidities, precluding safe resection. 4 These high-risk patients subsequently may be offered a variety of other treatment options, including sublobar resection (SLR) (wedge resection or segmentectomy), radiofrequency ablation, or stereotactic body radiotherapy (SBRT). Not surprisingly, high-risk patients treated with these alternative therapies have lower 5-year survival reported in the literature. 5, 6 Of note, the definition of ''medically inoperable'' or ''high-risk'' patients is not well delineated. 2 The purpose of this study was to describe national treatment and disease trends for clinical stage I NSCLC over the 15-year period from 1998 to 2012 using a large national cancer database. We hypothesized that the frequency of SBRT had increased over this time frame and that the percentage of patients receiving no treatment had decreased because of alternative therapies available for ''higherrisk'' patients.
MATERIALS AND METHODS
The National Cancer Database (NCDB) is a clinical oncology database from more than 1500 facilities accredited by the Commission On Cancer. It is estimated that 70% of all malignancies in the United States are captured by the NCDB. Deidentified data were obtained from the NCDB Participant User File for all patients with NSCLC between the years 1998 and 2012. Exemption was obtained from the University of Virginia Institutional Review Board because all of the data are deidentified and contain no protected health information.
Patients with reported clinical stage I NSCLC were eligible for inclusion in the current study. Patients were excluded if they did not have clinical stage I or they received chemotherapy as a first course of treatment. Patients were further excluded if they were coded as pathologic stage IV.
Patients with stage I NSCLC were further stratified on the basis of first treatment received: surgical or nonsurgical. Surgical treatment options were categorized as lobectomy, SLR (wedge resection or segmentectomy), or pneumonectomy. Nonsurgical treatments included stereotactic body radiation therapy (SBRT), conventional radiation, and no treatment. Patients were coded as having received SBRT if the treatment modality was indicated to be stereotactic radiosurgery, the regional radiation dose was between 3000 and 10,000 cGy, and the course of radiation ran at most 14 days. Patients were coded as having received conventional radiation if they were indicated to have received radiation with treatment modality other than stereotactic radiosurgery, they received a regional dose between 5000 and 10,000 cGy, and their course of treatment lasted 21 to 120 days. Patients with unknown treatment order, with missing data for whether or not treatment was given, or who received radiation or surgery (eg, local treatment) not conforming to the described categories were placed in an ''unknown/other'' category.
Variables that were abstracted for this study include age, race, sex, Charlson-Deyo Comorbidity Score (coded as 0, 1, or 2), insurance status (Medicaid, Medicare, private, and unknown/uninsured), tumor histology (adenocarcinoma, large cell/other, and squamous cell cancers), and size in millimeters. Demographic and clinical information are shown for the overall cohort. In addition, we present time trends for treatment, tumor size, histology, regional nodes examined, and rates of pathologic upstaging.
Continuous variable comparisons were made using the Kruskal-Wallis test and are described as means or medians, as appropriate. Trends in continuous variables were assessed using weighted least squares. Categoric variables were analyzed using the chi-square test and the chi-square test for trend. Trends are illustrated using time series plots showing treatment rates by year. Analyses were performed using SAS 9.4 (SAS Institute Inc, Cary, NC) and R 3.3.2 (R Core Team, Vienna, Austria).
RESULTS

Clinical Staging Information
Between 1998 and 2012, the NCDB captured 1,478,751 patients with a diagnosis of NSCLC. Some 25% of these patients (369,931) were diagnosed with clinical stage 1, and the remainder had stages 2 (5%), 3 (21%), 4 (34%), and missing (15%).
Of the 369,931 patients with clinical stage 1 NSCLC, we excluded 11,318 who received chemotherapy as a first treatment and 1123 who were ultimately pathologically upstaged to stage IV NSCLC, leaving 357,490 patients included in the analysis.
Patient Demographics and Treatment Modalities
Patient demographics overall and divided by first treatment are shown in Table 1 . Patients had a median age of 70 years (interquartile range, 63-77), 48% were male, and 90% were white. Some 53% of patients had a Charlson score of 0, the median tumor size was 24 mm, 57% of patients were diagnosed with adenocarcinoma, and 67% of patients were insured by Medicare. Some 55% of patients received a lobectomy, 72% of patients received a surgical treatment, 6% received conventional radiation or SBRT, 7% of patients received no treatment at all, and 15% were placed in the unknown/other category. The majority of these patients (12%) were indicated to have received some form of treatment, mostly radiation, that did not conform to our definitions.
Men were more likely to receive pneumonectomy, whereas the surgery groups, particularly the lobectomy and pneumonectomy groups, tended to be younger. Treatment patterns did differ by race (P <.001), because whites were less likely than blacks to receive no treatment.
Patients with squamous cancers were more likely to receive pneumonectomies. In addition, the patients undergoing pneumonectomy had the largest tumors. Adenocarcinoma was relatively more likely to be treated with lobectomy or SLR, whereas squamous and large cell cancers had increased rates of patients treated with conventional radiation or SBRT and were relatively more likely to go untreated.
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McMurry et al Thoracic: Lung Cancer
The Journal of Thoracic and Cardiovascular Surgery c Volume 154, Number 3 1081
We further looked at why nonsurgical patients did not receive surgery. A reason is provided for approximately 25% of this cohort. Some 16% were contraindicated because of patient risk factors, 0.3% died before the operation could be performed, 2% had no specific reason, 4% refused, and 5% had surgery recommended, but it was unknown if it was performed. It is unclear why the remaining approximately 75% were not treated with surgery.
Trends in Stage I Diagnosis Rates
Diagnosis rates for stage 1 NSCLC were not constant over the study period. From 1998 to 2000, 26% of cases were clinical stage 1 each year. From 2001 to 2007, the rate was approximately 23%. In 2008, the rate increased to 26% and then to 28% by 2012.
Over the 15-year study period, there is a clear trend toward identifying smaller cancers. Mean tumor size decreased from 28.2 to 23.6 mm (P<.001), whereas the median, 25th, and 75th percentiles show similar decreases (Figure 1) .
Histology trends are shown in Table 2 . From 1998 to 2000, approximately 58% of stage 1 cancers were diagnosed as adenocarcinoma. This rate decreased to 55% between 2001 and 2005, and then increased to 60% by 2012. There is a dramatic shift starting at approximately 2001 from squamous diagnoses to large cell diagnoses. Table 3 shows trends in the rates of surgical treatment both by number of cases and percentage. Although the number of lobectomies increased by approximately 50%, the rate of lobectomies decreased from 55% to 50% (P<.001) of all patients with stage 1. The number of pneumonectomies decreased by approximately 50%, and the rate of pneumonectomies decreased from 3.4% to 1.1% of all patients (P <.001). These decreases were offset by a significant increase in the number and rate of SLRs (from 12% to 17%) and in radiation treatments. Significant use of radiation begins at approximately 2003, when 6% of patients were treated with conventional radiation. SBRT use also is first identified in 2003. As SBRT became more frequent (Figure 2 ), use of conventional radiation decreased, although by 2012 the 2 types of radiation combined were used for approximately 10% of patients.
Trends in Treatment
Trends in Surgery
There is a strong trend toward examination of more regional lymph nodes ( Table 4 ). The median lobectomy in patients was 5 nodes examined in 1998, compared with 8 in 2012. The other 2 surgical groups showed similar increases, although patients receiving SLRs had fewer nodes examined, with a median of 0 in 1998 increasing to a median of 2 in 2012. Patients undergoing pneumonectomy had a median of 8 lymph nodes examined in 1998, increasing to 11 in 2012. As might be expected, this additional focus on regional lymph nodes has led to dramatic increases in the rate of pathologic upstaging in the surgical population (Table 5 ). Although only 3% of patients undergoing lobectomy were upstaged to stage II or III in 1998, that number increased to 15% by 2012, with particularly large increases in 2003 and in 2010. The rate of upstaging in the other 2 surgical groups increased by a similar factor, and in 2012, 43% of pneumonectomy cases were upstaged (P values for the trends in all 3 groups <.001). Approximately two thirds of the upstaged patients were upstaged to stage II, whereas the remaining patients were upstaged to stage III.
Trends in the National Cancer Database
The number of reporting facilities in the NCDB increased 
DISCUSSION
In this study, we evaluated national trends for stage I NSCLC using a large, national database representing 7 Between 1998 and 2012, 13% of patients underwent SBRT, conventional radiation, or no treatment. El-Sherif and colleagues 8 quote a rate of 20% unresectability, which is consistent with our results. We hypothesized that the rate of SBRT has been increasing over the last decade, which was supported by our findings. The overall rate of surgery for stage I NSCLC decreased slightly over the 15-year study period from 70% to 68% (P <.001), but this masks a significant shift from lobectomies to SLRs. The rate of lobectomy decreased from 55% to 50%, meaning that there has been a significant decrease in the proportion of patients receiving the gold standard management option.
The increasing rate of SLR as a treatment method may be explained by several studies demonstrating relative efficacy for 5-year survival when comparing lobectomy and SLR for peripheral stage I NSCLC. SLR confers the benefit of preserved pulmonary function in patients with intrinsic lung disease or low pulmonary reserve. 2, 8 Landreneau and colleagues 9 demonstrated equivalent 5-year survival for patients undergoing video-assisted thoracoscopic surgery wedge resection when compared with patients undergoing lobectomy. 9 More recently, a systematic review performed by De Zoysa and colleagues 10 similarly demonstrated equivalent survival for patients undergoing limited resection versus lobectomy. El-Sherif and colleagues 11 showed similar results after adjusting for age and extent of node sampling. However, Landreneau and colleagues 9 and De Zoysa and colleagues 10 demonstrated increased locoregional recurrence with sublobar resection when compared with lobectomy. The increasing percentage of SLR and declining rate of lobectomy may be explained by an increase of diagnoses in ''high-risk patients,'' which would help explain both the increase in SLR and the decrease in lobectomy. However, the NCDB does not collect detailed comorbidity information, such as pulmonary function or cardiac function, which makes it difficult to isolate and analyze the reasoning behind surgical procedure type.
The rate of untreated patients remained unchanged at 7%. Contrary to our hypothesis, our results suggest that the advent of SBRT may have raised the threshold for offering lobectomy rather than allowing more medically inoperable patients access to therapy with curative intent.
The results further demonstrate that once SBRT appeared as a viable treatment modality, an exponential increase in this treatment method is seen. This is not unexpected, because patients who were deemed medically inoperable previously had limited treatment options, including conventional radiation, with poor survival and high recurrence rates. 12 Since the advent of SBRT, medically inoperable or high-risk patients have seen improved survival; this may make it possible to treat more patients than was historically feasible. However, the only suggestion of this possibility in our results is the declining percentage of patients receiving standard treatments.
A propensity-matched study using the NCDB to compare long-term overall survival in patients with stage I NSCLC undergoing surgery or SBRT indicates that surgical patients have improved long-term survival (68.5% vs 46%). 13 A pooled analysis of 2 open-label phase III trials attempted to help elucidate the answer to this important question. Unfortunately, both trials closed early because of slow accrual; however, the Stereotactic Ablative Radiotherapy in Stage I NSCLC Patients Who Can Undergo Lobectomy and the Trial of Either Surgery or Stereotactic Radiotherapy for Early Stage (IA) Lung Cancer studies evaluated patients with early-stage (T1-2a) neoplasms who were subsequently randomized in a 1:1 fashion to lobectomy or SBRT. A total of 58 patients were enrolled and randomized between the 2 studies, 27 to lobectomy and 31 to SBRT. The 3-year survival was 88% (95% confidence interval, 77-100) in the lobectomy group and 95% (95% confidence interval, 85-100) in the SBRT group (P ¼ .037). In addition, there were no differences in 3-year local, regional, or distant control or in recurrence-free survival. However, the sample size in these 2 pooled analyses is small, so meaningful interpretation of the results is difficult.
14 One current and one upcoming trial may help further compare outcomes in patients undergoing surgery versus SBRT for treatment of stage I NSCLC. The Sublobar Resection Versus Stereotactic Ablative Radiotherapy for lung cancer trial will randomize high-risk patients with tumors less than 4 cm to sublobar resection or SBRT to evaluate 3-year overall survival. The trial is currently recruiting participants. 15 Likewise, the Veterans Administration Lung Cancer Surgery or Stereotactic Radiotherapy trial has been approved and will begin enrollment soon. 16 Tumor size over the study period has decreased significantly, from 2.8 to 2.4 cm. This is similar to findings from other studies, which have demonstrated a decrease in the tumor size detected because of increased use of computed tomography scans and lung cancer screening programs. [17] [18] [19] The detection of smaller tumor sizes also may explain the increasing rates of SBRT and SLR. Tumors that would have previously been too large for these treatments are now amenable to less-invasive surgical or radiotherapy ablative procedures. The increased utility of computed tomography scans would presumably give rise to detection of NSCLC at an earlier stage; however, our results show an irregular pattern in the rate of stage I cancers. More recent studies show that intentional limited resection for smaller tumors less than 2 cm may have comparable recurrence rates and survival to lobectomy. 1, 17, 20 The Cancer and Leukemia Group B 140503 study is a randomized controlled trial that is nearing its accrual goal and will directly address this question. 21 The Commission on Cancer recommends removal of at least 10 regional lymph nodes for stage I and II resected NSCLC. 22 Our results demonstrate that by 2012, patients undergoing lobectomy had a median of 8 lymph nodes removed, less than the recommended number by the Commission on Cancer. As expected, patients undergoing any form of SLR have fewer nodes collected. Of note, patients undergoing lobectomy were twice as likely to be pathologically upstaged compared with patients undergoing SLR, The authors concluded that MLND should be performed because it does not increase morbidity and it provides the most accurate staging information for adjuvant therapy planning purposes. 23 
Study Limitations
First, although the NCDB does capture a large majority of cancer diagnoses in the United States, it does not capture all lung cancers. Although it is the largest and most generalizable database available, there may be some specific subgroups for which these results are not applicable, such as patients in rural communities who lack adequate access to healthcare or tertiary care facilities.
Second, the NCDB captures a wide breadth of information on 30 million patients. However, the comorbidity data are not accurate and are categorized into 3 subgroups of the Charlson-Deyo score. Of note, category 1 is defined as ''no comorbid conditions recorded, or no comorbid conditions present.'' 24 Cancer registrars are well trained in abstracting the demographic and cancer-related variables, but comorbidity assessment has not been a priority. Therefore, because we cannot adequately risk adjust for treatment bias, we have not compared survival or other outcome measures between treatment groups.
Finally, the increasing number of reporting facilities and difficult to document changes in referral patterns over the 15-year period may influence the underlying patient populations.
CONCLUSIONS
The rate of lobectomy for stage I NSCLC has declined between 1998 and 2012. Increasing use of SLR compensated for much of this decrease, although the reasons for the shifting treatment trends are unclear. Although the increasing popularity of alternatives to lobectomy for treatment of stage I NSCLC should allow more patients to undergo treatment, our results demonstrate that the percentage of untreated patients has remained stable at approximately 7% over the 15-year study period.
